The 1:1 B-site cation order in Pb͑Mg 1/3 Nb 2/3 ͒O 3 relaxor ferroelectric ceramics was significantly enhanced by doping of minor amounts of La 3+ , Sc 3+ , or W 6+ ͑less than 3 at. %͒ combined with a slow cooling procedure. Transmission electron microscopy examination confirmed the size increase of the cation-ordered regions embedded in a disordered matrix in the samples that were slowly cooled after sintering. The average cation ordering parameter ͑S͒ determined from x-ray diffraction data in these partially ordered samples was about 0.3-0.4. The ferroelectric properties and dielectric relaxation were compared in partially ordered and disordered ͑S =0͒ samples with the same composition. It was found that typical relaxor behavior was preserved in partially ordered ceramics. Furthermore, the temperature and diffuseness of the characteristic relaxor permittivity peak and the parameters of dielectric relaxation ͑in particular, the distribution of relaxation times and the Vogel-Fulcher freezing temperature͒ were practically independent of S. In contrast, the diffuseness of the phase transition from the ferroelectric phase ͑induced by external electric field͒ to the ergodic relaxor phase appeared to be much larger in the disordered samples than in the partially ordered ones ͑this diffuseness was assessed using pyroelectric current and ferroelectric hysteresis loops͒. These results suggest that cation ordering did not influence the behavior of polar nanoregions which are responsible for the dielectric response in the ergodic relaxor phase but significantly influenced the ferroelectric phase transition. The results are interpreted in terms of different types of polar regions in the disordered matrix and cation-ordered domains.
I. INTRODUCTION
Complex perovskite Pb͑Mg 1/3 Nb 2/3 ͒O 3 ͑PMN͒ has been extensively investigated since 1958 due to its unique relaxor ferroelectric behavior. [1] [2] [3] [4] Ferroelectric domains in PMN manifest themselves as polar nanoregions ͑PNRs͒, which nucleate at the Burns temperature T B Ϸ 650 K. Upon cooling the PNRs begin to grow, reaching about 7 nm at 10 K, with the most significant growth taking place around the intrinsic Curie temperature T C0 = 213 K. The structure of the polar regions is slightly distorted along the ͗111͘ direction, yet the long-range structure preserves cubic symmetry without any phase transition down to liquid helium temperature. The polar axis of these nanodomains is randomly fluctuating among several directions. 3 The PNRs can grow into micrometer sized ferroelectric domains under external electric fields during cooling, which corresponds to a first-order relaxor to normal ferroelectric phase transition. [5] [6] [7] [8] [9] [10] [11] [12] Relaxation of PNRs accounts for the characteristic dielectric behavior of relaxors in which unusually large and diffuse maximum is observed on the temperature dependence of dielectric permittivity, while the relaxation rate follows the Vogel-Fulcher ͑VF͒ temperature dependence ͑in contrast to Arrhenius dependence in normal dielectrics͒.
It is believed that the relaxor behavior of PMN is associated with the 1:1 B-site cation order. 13, 14 The cation-ordered domains, ranging from 2 to 5 nm in size, are embedded in the disordered matrix and do not grow upon thermal treatment. In the ordered domains every other ͕111͖ plane of the B-site sublattice is solely occupied by Nb cations ͑referred to as the ␤Љ sublattice͒, while the other ͕111͖ plane is randomly occupied by Mg and the rest of Nb cations ͑referred to as the ␤Ј sublattice͒. This "random site model" 15 keeps the composition the same and preserves the charge neutrality in the ordered and disordered regions. It is suggested that the growth of the cation-ordered domains in PMN is constrained by kinetic limitations.
Generally cation ordering is expected to influence relaxor properties. Indeed, relaxor ferroelectrics are found among disordered crystals. In the Pb͑B 1/2 Ј B 1/2 Љ ͒O 3 -type complex perovskite crystals, variation in the order degree of BЈ and BЉ cations ͑by means of high-temperature treatment͒ can lead to dramatic changes in ferroelectric behaviors. Namely, the relaxor behavior is characteristic of disordered samples, while a normal ͑sharp͒ ferroelectric or antiferroelectric phase transition is observed in samples of the same composition with long-range cation order. 3, [16] [17] [18] [19] [20] [21] [22] In contrast, the Pb͑B 1/3 Ј B 2/3 Љ ͒O 3 -type perovskite relaxors show diffuse permittivity peaks with pronounced relaxor dielectric dispersion even in samples with large cation-ordered domains. 15 Relaxor behavior is related, in this case, to the fact that the ␤Ј sublattice still remains chemically disordered as suggested by the random site model. However, mechanisms underlying the relation between the structures of cation-ordered domains, polar domains, and ferroelectric properties are not understood thoroughly so far in these Pb͑B 1/3 Ј B 2/3 Љ ͒O 3 -type oxides.
The limitations on the growth of cation-ordered domains in PMN can be largely overcome by chemical modification. For example, La 3+ ͑Ͼ4 at. %͒ or Sc 3+ doping ͑Ͼ5 at. %͒ has been reported to enhance the degree of cation order in PMN. [23] [24] [25] [26] [27] W 6+ , when incorporated in PMN at Ͼ10 at. %, can also lead to the development of long-range cation order. 28 In the present work we demonstrate that, combined with appropriate thermal treatment, only 2 or 3 at. 3 were used as starting materials. Before weighing and mixing, the powders were baked at high temperatures to remove moisture and organic impurities to ensure precise stoichiometry. The B-site oxide powders were first mixed and milled with yttrium stabilized zirconia media ͑Tosoh, OH, USA͒ in isopropyl alcohol within plastic bottles on a vibratory mill for 3 h. Next, the mixed stoichiometric powders were calcined at 1100°C for 4 h in alumina crucibles. The calcined powders were then mixed with PbO and/or La 2 O 3 powders, milled for 3 h, and calcined at 900°C for 4 h to form phase pure perovskite powders. A uniaxial pressure of 150 MPa was applied to the perovskite powder, which contained polyvinyl alcohol binder ͑2 wt. % aqueous solution͒, to form pellets. The pressed pellets were then buried in PMN protective powder and sintered at various temperatures ͑1200-1250°C͒ for 3 h. A heating/cooling ramp rate of 600°C / hour was used to obtain "disordered" samples. To obtain "ordered" samples, a much slower cooling rate ͑10°C / hour͒ was applied from the sintering temperature down to 900°C. These slow-cooled samples are referred to as "La3 ordered," "Sc3 ordered," and "W2 ordered," respectively. A pellet of pure PMN was also prepared with the slow-cooling procedure as a reference sample.
After the surface layer was removed, the density of these ceramics was measured by the Archimedes method and the grain size was examined by scanning electron microscopy ͑SEM͒. X-ray diffraction tests were performed on sintered pellets to check the phase purity and the degree of cation order. The cation-ordered domains were also directly imaged with the dark field technique using a transmission electron microscope ͑CM30, Philips, The Netherlands͒. Dielectric characterization was carried out with an LCR meter ͑HP-4284A, Hewlett-Packard͒ in conjunction with an environmental chamber ͑9023, Delta Design͒. A heating/cooling rate of 2°C / min was used during the measurements. The thermal depolarization current was measured during zerofield heating with a picoammeter ͑Model 486, Keithley͒ from the field-cooled ͑10 kV/cm͒ samples. The polarization hysteresis was measured with a standardized ferroelectric test system ͑RT-66A, Radiant technologies͒. The relative dielectric permittivity in a wider frequency range of 10 −2 -10 5 Hz was measured with an impedance analyzer ͑Novocontrol system, Novocontrol technologies͒, which includes an Alpha high-resolution dielectric analyzer and the Quatro cryosystem for temperature control.
III. RESULTS

A. Cation order in ceramics
Density measurements show that all ceramic samples have a relative density in the range of 92-96%. SEM examination confirmed the high relative density and revealed the grain size of the ceramics. Figure 1 shows the SEM micrographs of the La3-ordered and Sc3-ordered ceramics, from which the average grain size is determined. The grain size of all ceramics is listed in Table I , where all the doped ceramics were found to have similar values. X-ray diffraction experiments indicate a pure perovskite phase in all ceramics. In the La3-ordered, Sc3-ordered, and W2-ordered samples ͑which were slowly cooled after sintering͒, the ͑1/2 1/2 1/2͒ superlattice peak appears, as shown in Fig. 2 . This peak is practically absent in pure PMN ceramics and in rapidly cooled La3, Sc3, and W2 samples. The presence of the ͑1/2 1/2 1/2͒ superlattice peak in complex perovskites is an indication of the development of 1:1 B-site cation order. 24 Therefore, the cation order in PMN can be enhanced significantly even with only 2 or 3 at. % level chemical modification. Following the common procedure used in literature, 15, 24 the cation ordering parameter S is evaluated from the ͑1/2 1/2 1/2͒ superlattice peak intensity based on the random site model and is listed in are assumed for La3, Sc3, and W2, respectively. The ratio of the peak intensity of the experiment to the calculated peak intensity based on these assumed complete ordering models equals to the square of the ordering parameter S.
The enhanced cation order in the slowly cooled ceramic samples is further confirmed by transmission electron microscopy ͑TEM͒ analysis. Figure 3 shows dark field images formed with the ͑1/2 1/2 1/2͒ superlattice spot in the ͗110͘-zone axis selected area electron diffraction pattern. Large cation-ordered domains were observed in all the slowly cooled ceramics. The size of these cation-ordered domains is about 100 nm for both La3 ordered and Sc3 ordered ceramics, while slightly smaller ͑ϳ40 nm͒ for the W2-ordered ceramic. The TEM results are consistent with the calculated ordering parameter listed in Table I .
B. Dielectric properties
The relative dielectric permittivity ͑Ј͒ of these ceramics as a function of temperature was measured at 100 Hz, 1 kHz, 10 kHz, and 100 kHz. As shown in Fig. 4 , all disordered and ordered samples exhibit a broad relative dielectric permittivity peak with strong frequency dispersion, indicating that the relaxor ferroelectric behavior is preserved even in the samples with large domains of cation order. The four plots in Fig. 4 were presented with the same scale for direct visual comparison. It is evident that doping with La 3+ ͑signifi-cantly͒ and with W 6+ ͑slightly͒ suppresses the dielectric permittivity. In contrast, doping with Sc 3+ enhances the permittivity. At the same time, the development of long-range cation order in W 6+ -doped PMN can slightly recover the suppressed dielectric permittivity. The relative dielectric permittivity measured at 1 kHz is replotted in Fig. 5 for clarity. It is clear that the relative permittivity was severely suppressed and the temperature at dielectric maxima ͑T m ͒ shifted considerably to a lower temperature in both La3 and La3-ordered ceramics compared with the PMN ceramic. Almost no difference was detected in dielectric properties between La3 and La3-ordered ceramics. In the W 6+ -doped samples, enhanced B-site cation order leads to a significant increase in maximum relative permittivity m Ј and a slight shift of T m to a higher temperature.
Only slight changes both in relative dielectric permittivity and T m were observed when comparing the Sc3 with the Sc3-ordered ceramic. The dielectric properties of all the ceramics are listed in Table II for complete comparison. The diffuse phase transition in these relaxor ferroelectric oxides is further quantitatively characterized by evaluating the diffuseness parameter ␦ according to the following equation in the temperature range above T m ,
where T A ͑ϽT m ͒ and A ͑Ͼ m Ј ͒ are fitting parameters. By fitting the experimental data measured at 1 kHz with this expression, the diffuseness parameter ␦ can be determined. The results are also listed in Table II 
C. Depolarization and polarization switching
PMN-based relaxor ferroelectrics can be stabilized in several ferroelectric states under different temperature/electric field conditions. [5] [6] [7] [8] [9] [10] [11] [12] One of the most important parameters that delineates these states is the thermal depolarization temperature T C0 under the "zero-field heating after field-cooling" condition, which marks a real phase transition from the induced ferroelectric phase to the ergodic relaxor phase. T C0 can be considered as an intrinsic property of relaxor ferroelectric materials since it is independent of the applied field strength during the "field-cooling." In the current study, T C0 was measured by monitoring the thermal depolarization current after the sample was cooled down to low temperatures with a dc field of 10 kV/cm. As shown in Fig. 6 , very weak and broad depolarization current peaks were recorded for La 3+ -and W 6+ -doped ceramics. In contrast, strong and sharp peaks were detected in Sc 3+ -doped ceramics. T C0 was read from Fig. 6 as the temperature at the current peaks and is also listed in Table II . To characterize the diffuseness of the ferroelectric-to-relaxor phase transition, the half width of the depolarization current peak at 2/3 maximum ͑HW2/3M͒ is determined ͑this choice of "diffuseness" parameter is related to the fact that the parameter ␦ which determines the diffuseness of the dielectric peak also represents the half-width of the peak at 2/3 maximum 2 ͒. As indicated by the result listed in Table II , the diffuseness for the depolarization current peak increases significantly for La 3+ and W 6+ doping while it remains more or less the same for Sc 3+ doping. The difference between T m and T C0 of a ferroelectric material is suggested to be indicative of the degree of longrange polar order. 27 In classical relaxor ferroelectric materials, T C0 is much lower than T m , while for normal ferroelectric materials, these two temperatures converge into a single temperature, i.e., the Curie point. The measured difference of T m and T C0 in all the ceramics is listed in the last column of The electric-field-induced polarization and polarization switching were characterized by the hysteresis loop measurement at low temperatures. The measurements recorded welldefined hysteresis loops at temperatures around and below T C0 for all the compositions. The results of ordered samples are shown in Fig. 7 . The square hysteresis loops and the large P r values confirm the formation of a normal ferroelectric phase under electric fields below the temperature T C0 in both disordered and ordered ceramics. The remnant polarization P r and the coercive field E c are read from the hysteresis loops and are plotted as a function of temperature in Fig. 8 . As shown in Fig. 8͑a͒ , the cation-ordered samples have practically the same P r as their disordered counterparts in the low temperature range. However, the drop of P r with increasing temperature is comparatively sharper in the ordered samples. The coercive field E c has been considered as the critical field for the relaxor-to-ferroelectric phase transition. 12 Figure 8͑b͒ indicates that for all the ceramics the critical field needed for the phase transition increases dramatically with decreasing temperature.
D. Dielectric relaxation process
The relative dielectric permittivity was further measured in a wider frequency range from 10 −2 to 10 5 Hz at selected temperatures with an impedance analyzer ͑Novocontrol system͒, as shown in Fig. 9 . To reveal different relaxation processes contributing to the dielectric dispersion, the spectra were fit to analytical expressions. In all studied ceramics in the temperature range around T m , the two main contributions to the relaxation are found similar to the PMN crystals 31 with susceptibilities U ‫ء‬ and KWW
‫ء‬
, respectively. The losses corresponding to these contributions are well resolved in frequency at comparatively high temperatures but overlap at low temperatures. In addition, two comparatively weak relaxation contributions are observed. The first of them ͑not found in PMN crystals 31 ͒ can be seen in Fig. 9 in most ͑es-pecially disordered͒ samples in the low-frequency range ͑0.01-10 Hz͒ at comparatively high temperatures. The second one appears in the measurement frequency window at comparatively low temperatures ͑similar to PMN crystals 31 ͒. The dielectric spectra can be described by the following expression: 
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where ‫ء‬ is the measured complex relative dielectric permittivity and ͑ϱ͒ originates from other possible polarization processes exhibiting dispersion above the upper limit of the measurement frequency window. The last term, HN ‫ء‬ , takes into account the aforementioned weak relaxation contributions. In accordance with Refs. 31 and 32 we express the contribution whose loss dominates at low frequencies as
where A and n are the parameters. This type of susceptibility vs frequency relation was called "universal." 33 It gives a straight line with the slope determined by n when plotted in the log-log scale and represents in the frequency domain the Curie-von Schweidler ͑CS͒ relaxation law, P ϰ t 1−n ͑P is the polarization͒. The high-frequency "conventional relaxor" dispersion appears at comparatively high f. It follows the Kohlrausch-Williams-Watts ͑KWW͒ relaxation pattern, the shape of which in the time domain is described by the stretched exponential function P͑t͒ ϰ exp͑−t / KWW ͒ ␤ with two parameters: the characteristic relaxation time KWW and the stretching exponent ␤ ͑this symbol has nothing to do with the ␤Ј and ␤Љ sublattices mentioned previously͒.
To describe two additional weak relaxations, only one term in Eq. ͑2͒ is used, which is expressed as the HavriliakNegami ͑HN͒ relationship 33
where 0 Ͻ ␣ Ͻ 1, and 0 Ͻ ␣␥ Ͻ 1 are the parameters and HN0 is the static susceptibility. It appears to be valid because each of these two contributions is important only at comparatively low and high temperatures, respectively. Following a similar procedure described in Refs. 31 and 34, the frequency dependences of measured relative permittivity ͑real and imaginary parts simultaneously͒ are fitted at a number of fixed temperatures to Eq. ͑2͒ with the terms expressed by Eqs. ͑3͒ and ͑4͒. The frequency dependences of KWW susceptibility KWW ‫ء‬ ͑f͒ are represented by an approximate formula 31, 34 with the parameters KWW and ␤. The nonlinear least-squares fitting procedure was used. The best-fit relative permittivity curves are shown in Fig. 9 . From this fitting the relaxation parameters are derived. For the KWW ͑i.e., the main͒ relaxation process temperature dependences of these parameters are shown in Fig. 10 . Freezing of the dielectric spectrum is characteristic of relaxor ferroelectrics. In PMN crystals freezing of KWW relaxation contribution can be described in terms of VogelFulcher-type relationships 31
where the parameter T f = T ␤ can be considered as the freezing temperature, i.e., the temperature where the characteristic relaxation time KWW becomes infinite and the relaxation spectrum becomes infinitely wide ͑␤ =0͒. In all ceramics studied in this work the temperature dependences of KWW and ␤ can be well fitted to these relationships as shown in Fig. 10 . The best-fit VF parameters are listed in Table III 
IV. DISCUSSION
A. Cation ordering mechanism
As evidenced by x-ray diffraction as well as TEM dark field imaging shown in Figs. 2 and 3 , long-range B-site cation order was successfully developed in PMN ceramics with a dopant concentration as low as 2 or 3 at. %. However, in all the fast cooled ceramics no obvious B-cation ordering enhancement was detected. This indicates that chemical modification alone is not capable of producing significant long-range cation order. In other words, the enhanced B-site cation order observed in slow cooled samples resulted from combined chemical modification and the slow cooling procedure.
Equilibrium degree of cation order is known to be dependent on temperature. 17 In the ground state the maximum order is expected because disordering of the cations with different charges and sizes leads to increasing the internal energy ͑U͒. However, disordering leads also to increasing configurational entropy ͑S͒. As a result, at elevated temperatures ͑where equilibrium is determined by the minimum of free energy, U-ST͒ the disordered state may become equilibrium. In pure PMN the ordering temperature, T dis ͑i.e., the temperature above which the equilibrium long-range cation order parameter equals zero͒, is estimated to be ϳ950°C. 24 Therefore, immediately after sintering ͑at ϳ1200°C͒ the ceramics should be disordered. Upon cooling below T dis the ordered state becomes equilibrium. However, this state cannot be reached in practice for kinetic reasons. This is because the ordering proceeds by ionic rearrangement ͑diffusion͒ and the relaxation time of this process increases rapidly on cooling. At T Ͻ T dis it becomes so large that no significant ordering can be achieved even after a realistically long annealing. Frequency dependences of the real ͑Ј͒ and imaginary part ͑Љ͒ of relative dielectric permittivity at selected temperatures. Solid lines represent fitting to Eq. ͑2͒. ͓͑a͒ and ͑b͔͒ PMN, ͓͑c͒ and ͑d͔͒ La3, ͓͑e͒ and ͑f͔͒ La3 ordered, ͓͑g͒ and ͑h͔͒ Sc3, ͓͑i͒ and ͑j͔͒ Sc3 ordered, ͓͑k͒ and ͑l͔͒ W2, and ͓͑m͒ and ͑n͔͒ W2 ordered.
It seems that doping in our experiments increases T dis and shifts it to the temperature region where the ordering relaxation time is comparatively small ͑in case of Sc 3+ doping of PMN the increase in T dis is confirmed experimentally 24 ͒. Consequently, during cooling after sintering, the ordering process really proceeds in the restricted temperature interval starting from T dis and below. If the sample spends comparatively long time in this interval ͑i.e., the cooling is slow͒ it attains a considerable degree of order. In case of fast cooling, the sample quickly sweeps through the temperature interval where ordering is active and thereby remains practically disordered.
The increase in T dis in doped ceramics is due to the changes in the internal energy term as well as in the entropy term in free energy. The former is believed to depend on the charge and size difference of ordered cations. [35] [36] [37] [38] In However, the increase in the charge and size difference between the two sublattices caused by minor doping alone can hardly account for such a significant enhancement of T dis in our experiments as well as other known experimental facts. 37 Evidently, the contribution from the configurational entropy is critical and should be considered. Compositional dependence of T dis in the Pb͑Mg 1/3 Nb 2/3 ͒O 3 -Pb͑Sc 1/2 Nb 1/2 ͒O 3 solid solution has been calculated in the framework of the phenomenological BraggWilliams theory which takes into account both configurational entropy and internal energy variations. 40 The calculated value of T dis for Sc3 composition appears to be equal to 1070°C, i.e., significantly larger than in pure PMN. Similar calculations applying to other solid solutions are expected to also predict a significantly increased T dis . As shown in Figs. 5 and 6, extended thermal treatment at elevated temperatures and change in chemical composition lead to noticeable changes in properties. It should be pointed out that all the doped ceramics ͑disordered and ordered͒ have comparable grain sizes. Therefore, it is reasonable to assume that the observed changes in the behavior originate from the development of cation order. Furthermore, the relaxation parameters in the PMN ceramic are found to be practically the same as in PMN crystals ͑Table III͒. This fact indicates that the crystalline grain interior is responsible for the relaxation process; the contribution of grain boundaries is negligible and the difference of relaxation parameters should be attributed to the variation in composition or the degree of cation disorder rather than to other variables such as grain size and density.
Qualitatively the dielectric behavior in all studied ceramics is the same as in prototypic relaxor ferroelectric PMN, namely, the high-temperature slope of the Ј͑T͒ peak follows the quadratic law ͓Eq. ͑1͔͒ while the main contribution to the peak comes from the KWW relaxation process ͑"conventional relaxor" dielectric response͒. The temperature dependences of the dielectric relaxation time KWW and KWW parameter ␤ ͑which characterizes the broadness of relaxation spectrum͒ are described by VF-type relations ͓Eqs. ͑5͒ and ͑6͔͒. The VF temperatures T f and T ␤ are close to each other, which implies a glassy freezing at T f ͑ KWW becomes infinitely large and the spectrum becomes infinitely wide at this temperature͒. 31 The mechanism of this relaxation is commonly attributed to the flipping of PNRs which exist in the ergodic relaxor phase ͑in a wide temperature range around T m ͒.
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Cation ordering does not change the dielectric response significantly. Indeed, as one can see in Fig. 10 , at a fixed temperature the relaxation parameters KWW and ␤ are the same or very close in ordered and disordered samples of the same composition. Accordingly, the VF parameters T f , 0 , E , T ␤ , E ␤ , and ␤ 0 are practically the same in the disordered samples as in their partially ordered counterparts ͑see Table  III͒ . The parameters of the quadratic relationship ͓Eq. ͑1͔͒ which describes the temperature dependence of the static relative dielectric permittivity are also very close ͑moderate changes are observed only in the W2 composition͒.
The independence of dielectric response from the degree of cation order, which we observed here in doped PMNbased relaxors, presents a striking contrast to the behavior of Pb͑B 1/2 Ј B 1/2 Љ ͒O 3 -type relaxors where cation ordering causes significant variation in the temperature and diffuseness of the dielectric peak as well as the dielectric dispersion. 3, 9, 13, [16] [17] [18] [19] [20] [21] [22] Our results are unexpected in the framework of some previous approaches and theories. In particular, it was suggested 13 that the cation-ordered regions with the size of several nanometers act as sites to localize the dynamic PNRs and therefore the relaxor behavior should be observed only in those compounds where the cation-ordered nanoregions were present. The similar conclusion has been recently derived theoretically using first-principles-based simulations.
14 In our partially ordered samples the cation-ordered regions are rather large ͑ϳ100 nm͒, but relaxor-type dispersion persists, and furthermore, the relaxation parameters are practically the same as in pure PMN where cation-ordered regions are of the nanometer size.
In contrast to small-signal dielectric properties, cation ordering significantly modifies the diffuseness of the ferroelectric phase transition at T C0 : the depolarization current HW2/3M value in the disordered Sc3 ceramic is more than twice as large as in the partially ordered one. The same trend is observed in other compositions ͑see Table II͒ . A more abrupt decrease in the remanent polarization around T C0 with increasing temperature in the ordered samples can be seen in Fig. 8͑a͒ .
Note that relaxor ferroelectrics are also called, especially in early literature, 1,2 the "ferroelectrics with diffuse phase transitions," and the diffuseness of the Ј͑T͒ peak is often used as an estimate for the diffuseness of the ferroelectric phase transition. Our results suggest that the formation of PNRs and the transition to the ferroelectric phase are relatively independent events. This behavior can be understood in the framework of the phenomenological two-stage kinetic model of diffuse phase transitions in disordered crystals. 12, 43 The model suggests the existence of two temperature intervals for the evolution of polar structure in relaxors. PNRs are formed in the course of cooling in the first stage ͑within the temperature interval of the ergodic relaxor phase͒. In the second stage ͑at lower temperatures͒ the growth of PNRs into comparatively large ferroelectric domains ͑i.e., ferroelectric phase transition͒ may begin, which can be either a sharp or a diffuse process. In different stages the process is governed by different factors. The formation of PNRs is determined by the quenched short-range cation disorder ͑as described in some microscopic models, see Ref. 44͒, while mesoscopic quenched inhomogeneities and interactions between PNRs play a significant role in the development of lowtemperature ferroelectric or nonergodic relaxor phases. Equality of the relaxation parameters and the dielectric peak diffuseness ␦ in our samples with different sizes of cationordered regions implies equality of the PNR system ͑which is known to be responsible for dielectric relaxation in the ergodic relaxor phase͒. On the other hand, the difference in the behavior around T C0 implies some differences on the mesoscopic scale.
To account for our observations we apply the approach used previously to describe the properties of La 3+ -doped PMN crystals. 45 It was assumed that the dynamic PNRs are located in the cation disordered matrix, while polar regions which appear in the places of cation-ordered regions are static and cannot contribute to the small-signal dielectric response. The structure of the disordered matrix does not vary significantly during cation ordering; therefore, the properties of dynamic PNRs and the dielectric relaxation parameters remain almost unchanged. On the other hand, the size of cation-ordered regions vary dramatically ͑from several nanometers in the disordered samples to ϳ100 nm in the partially ordered ones͒. The size and thereby the properties of static polar regions are expected to vary accordingly. Large electric fields applied in the field-cooling experiments are able to reorient static polar regions ͑or at least some of them͒. Therefore, the remanent polarization ͑and the depolarization current in the course of zero-field heating after field cooling͒ is determined not only by the dynamic PNRs frozen at low temperatures but also by the static polar regions. The smaller diffuseness of the ferroelectric phase transition in ordered ceramics is related to the ordering-induced changes ͑in particular, the size increase͒ of the static polar regions.
V. CONCLUSIONS
Large ͑ϳ100 nm͒ domains of long-range B-site cation order are observed by TEM in Pb͑Mg 1/3 Nb 2/3 ͒O 3 ceramics doped with only 2 or 3 at. % of La 3+ , Sc 3+ , or W 6+ and slowly cooled ͑10°C / hour͒ after sintering at 1200°C -1250°C. The development of long-range cation ordering ͑which is known to be impossible in pure PMN͒ is attributed to the increase in the temperature of the cation order-disorder transition caused by chemical doping. Comparison of the properties between ordered and disordered ceramics of the same compositions shows that cation ordering does not influence significantly the small-signal dielectric response. In particular, glassy freezing of the dielectric spectrum is revealed practically at the same temperature and the diffuseness of the characteristic relaxor Ј͑T͒ peak is essentially the same in the ordered and disordered samples. The effect of cation ordering on the temperature T C0 of the phase transition from the ferroelectric phase ͑induced by a large external electric field͒ to the ergodic relaxor phase is also small ͑within 1-2 K͒. However, the diffuseness of this phase transition appears to be much larger in the disordered samples than in the ordered ones, as determined from the pyroelectric current and the ferroelectric hysteresis loops measurements. This behavior can be related to the existence of different types of polar regions in doped PMN ceramics. Polar nanoregions giving rise to the small-signal dielectric response are located in the disordered matrix ͑outside cationordered domains͒, which is the same in the ordered and disordered samples. Polar regions ͑ferroelectric domains͒ located in the cation-ordered domains are static and, therefore, cannot contribute to the small-signal response. However, their contribution to the remanent polarization ͑which determines in particular the pyroelectric current͒ is significant and changes with the size of the cation-ordered domains.
